A method for observing the state of the atmosphere during optical observations of VavilovCherenkov radiation in the region of the Yakutsk complex array is described. Classification of weather conditions during seasonal observations of the atmosphere (autumn-winter-spring) is given, using cosmic rays with energies (1-10) PeV. Empirical results are compared with calculations for different grades of visibility range. It is shown how the transparency of the atmosphere can influence the estimated of some characteristics of extensive air showers.
Introduction
An important characteristic of extensive air showers (EAS) is the Vavilov-Cherenkov light, which is measured at the Yakutsk array by a system of optical detectors. For example, the total flux of Cherenkov light EAS is calculated at the observation level according to (1.1):
τP(E g , x)dE γ dX (1.1)
Where P (E γ , x) is the total flux of Cherenkov light in partial electron-photon avalanches and the density of the Cherenkov light flux at a distance of 400 m from the shower axis Q (R = 400), serve as the basis for the method of determining the energy of the primary particle generating the shower [1, 2] . Because photons come from different altitudes of the atmosphere, the differential flux of Cherenkov light contains information on the longitudinal development of the cascade of relativistic particles [3, 4] . Namely, the depth of the maximum of the development of the X max shower, which is related to the atomic weight of the cosmic ray particles. All this is used as the basis for the development of techniques and further evaluation of the mass composition of cosmic rays of ultrahigh energies [5] .
Therefore, in order to obtain true EAS characteristics, it is necessary to know the transmission function of Cherenkov light by the atmosphere during the entire observation period. ThatâȂŹs why at the Yakutsk array the state of the night sky has been monitored, for more than 40 years [6] .
2. Measurement of atmospheric transparency using EAS Cherenkov light at low energies.
In the first approximation, air shower Cherenkov light can be characterized as a source of point light, which is at the height of the maximum development X max of the air shower. Usually, for showers with an energy of 10 15 -10 16 eV, the maximum development of the shower is in the upper layers of the troposphere. By registering the frequency of "flares" of such air showers, it is possible to plot a cosmic ray spectrum above given energy E 0 . It was shown in [7] that the shape of the spectrum with energies of 10 15 -10 16 eV can be used to control the atmospheric transmission function, i.e. its transparency. This method evaluates the relative transparency to the most favorable atmospheric conditions, when the scattering and absorption of light is minimal. In this case, the transmittance can be determined by the formula:
Where τ rel is the transmittance of light by the atmosphere at the time of measurement, τ 0 is the periods when the atmosphere is the cleanest, and k = 1.7 is the integral energy spectrum of the CR in the 10 15 eV region. The relation follows from the fact that the number of Cherenkov photons is proportional to the energy of the primary EAS particle. It is assumed that the absolute maximum of the atmospheric transparency τ 0 corresponds to the minimum of the aerosol content. Such transparency of the atmosphere happens in the course of ∼5% of the total time of registration of Cherenkov radiation at the Yakutsk array.
The results of measurements of the distribution of aerosols [8, 9] showed that above 1.5 km their content in the atmosphere is almost constant (the photon absorption length is Λ M ∼ 200 km), and below is approximately proportional to the air density. Using the linear approximation of the altitude data for h <1.5 km and a constant Λ M above 1.5 km, we obtained the light transmittance shown in Fig. 1 , when light was emitted at a depth of X max . The aerosol concentration in the surface air layer in this case was chosen so that the total transmission coefficient corresponded to the measurements in the area of the Yakutsk array. For comparison, the values calculated by formula (2.2) are also given here: which was obtained without taking into account non-uniformity of the aerosol concentration in the atmosphere during the winter at the Yakutsk. It can be seen that the approach used previously did not fits to the measurements [6] . Mainly due to incorrect altitude depending on the concentration of aerosols in the atmospheric boundary layer.
The corrected value of the total light transmittance can be represented by the expression for the altitude region h < 1.5secθ km:
where X max in g/cm 2 .
Loss of light depending on the thickness of the atmosphere
At present, using the experimental Cherenkov light LDF (CLLDF) with different transparency of the atmosphere and the method of solving the inverse problem, we have restored the altitude variation of the light attenuation coefficient [10] . The result is shown in Fig.2 . It is seen that for different optical states of the atmosphere, there is a difference both in absolute value at the observation level and in the vertical profile of the atmospheric transmittance. The greatest contribution to the transmittance of the atmosphere is made by the aerosol component of the surface layer of the atmosphere, i.e. height ∼ 2, 4 km from sea level. According to [10] , the fraction of the aerosol component is more significant for the transparency of the atmosphere with a visual estimate of three points. Usually such periods of observation were not included in the analysis. The course of the atmospheric transmittance as a function of altitude for the most excellent optical conditions for observing Cherenkov radiation can be approximated by the following expression:
1) where h 0 = 6800 m, h = 1500 m.
The expression (3.1) was subsequently used in calculation the expected functions of the spatial distribution of the Cherenkov light. Fig.3 . It can be seen that in the presence of an aerosol in the atmosphere, the shape of the Cherenkov light function varies, and especially at large distances from the shower axis. This circumstance leads to an increase in the total flux of Cherenkov light EAS by (10 -15)%, which automatically leads to an overestimation of the shower energy, which is determined using this characteristic. Taking into account the effect of the atmospheric transmittance when the cascade development curve of the EAS is reconstructed from the spatial distribution of the Cerenkov light, EAS gives the correct value of X max .
Conclusion
Thus, taking into account the losses of the Cherenkov light photons in the atmosphere becomes necessary when obtaining qualitative data on cosmic radiation. In Fig. 4 , a comparison of the empirically obtained profile of the atmospheric transmittance function at 4 points according to the classification [11] , with the calculated value obtained with an apparent range of V = 15 km [12] . The comparison showed good agreement of the results. This indicates the competence of using in the first approximation a visual assessment of transparency for rapid assessment of atmospheric conditions for the purpose of conducting patrol optical observations.
